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PHYSICAL ACTIVITY, HEALTH AND EXERCISE
The impact of resistance training on strength and correlates of physical activity in 
youth
Helen M Collins a, Samantha Fawkner b, Josephine N Booth c and Audrey Duncan a
aInstitute of Sport and Exercise, University of Dundee, Dundee, UK; bPhysical Activity and Health Research Centre, University of Edinburgh, Edinburgh, 
UK; cMoray House School of Education & Sport, University of Edinburgh, Edinburgh, UK
ABSTRACT
Resistance training (RT) may have a positive impact on specific correlates of physical activity (PA) in 
inactive and/or obese youth, with strength as a possible underlying mechanism. The aim of this study was 
to investigate this. Twelve participants (aged 8.9 ± 1.0 years) were assigned to an experimental group (EG) 
or control group (CG). Pre and post intervention assessments for strength, physical self-perceptions 
(PSPs), weight status, fundamental movement skills (FMS), and PA levels were completed. The EG 
participated in a twice-weekly 10-week RT programme. There were significant group x time interactions 
for FMS (CAMSA total P = 0.016, CAMSA skill score P = 0.036) and stretch stature (P = 0.002) (EG larges 
changes than the CG). Large effect sizes for the differences in change scores between the EG and CG were 
evident for CAMSA total score (Hedges’ g = 0.830, P = 0.138), CAMSA skill score (Hedges’ g = 0.895, 
P = 0.112) and relative strength (Hedges’ g = 0.825, P = 0.140). This study demonstrated that a 10-week RT 
intervention has a positive effect on strength and FMS, and may also benefit weight status and PSPs. This 
study supports the development of RT interventions to develop these correlates, and increase PA levels.
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Introduction
The positive effects of physical activity (PA) on the health and 
well-being of youth are well established with recent reviews 
stating that appropriate levels of PA reduces the risk of several 
diseases (e.g., diabetes and cardiovascular disease) and contri-
butes to the development of healthy musculoskeletal tissues, 
the cardiovascular system and neuromuscular awareness (Chief 
Medical Office, 2019). Regular participation has the potential to 
improve a child’s emotional, social and cognitive well-being, as 
well as health and physical fitness (Faigenbaum et al., 2014).
One of the key identified consequences of not being suffi-
ciently active is the increased chance of obesity; childhood obe-
sity is associated with a higher chance of obesity, premature 
death and disability in adulthood (World Health Organization, 
2020). In addition to increased future risks, obese children experi-
ence breathing difficulties, increased risk of fractures, hyperten-
sion, early markers of cardiovascular disease, insulin resistance 
and negative psychological effects (World Health Organization, 
2020). The World Health Organisation (WHO) reported that 
340 million youth worldwide aged 5–19 were overweight or 
obese in 2016 (World Health Organization, 2020) and in 
Scotland in 2019, 16% of children were identified as being at 
risk of obesity (McLean et al., 2020). Owing to the high risk of 
overweight youth becoming obese adults, Hills et al. reported 
that the engagement of youth in physical activity is 
a fundamental component in the prevention of obesity (Hills 
et al., 2011).
The current United Kingdom (UK) PA guidelines for youth 
aged 5–18 recommend moderate-to-vigorous intensity phy-
sical activity (MVPA) for an average of at least 60 minutes 
per day across the week (Chief Medical Office, 2019) and 
there should be a variety of types and intensities of PA to 
develop movement skills, muscular fitness, and bone 
strength (Chief Medical Office, 2019). There should also be 
minimal sedentary time (Chief Medical Office, 2019). 
However, despite these guidelines, one of the more recent 
global surveillance studies, the Health Behaviour in School- 
aged Children survey (HBSC), reported that across Europe 
and North America, less than 50% of young people were 
meeting the recommended MVPA recommendation (World 
Health Organization Regional Office for Europe, 2016). PA 
levels also demonstrate a decline with age; 25% of 11 year 
olds meeting the recommendations compared to just 16% 
of 15 year olds (World Health Organization Regional Office 
for Europe, 2016). This indicates that as children advance 
through adolescence, physical inactivity becomes 
ubiquitous.
Identifying the importance of strength and movement 
skills as part of the PA guidelines, Faigenbaum et al. stated 
that low levels of muscular strength and power (dynapenia) 
negatively impact physical, psychosocial, emotional, and 
behavioural factors that drive physical inactivity in youth 
(Faigenbaum et al., 2020), therefore, this implies that 
strength-based exercise or “resistance training” is an integral 
part of PA for youth.
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The National Strength and Conditioning Association (NSCA) 
and the United Kingdom Strength and Conditioning Association 
(UKSCA) have developed position statements emphasising why 
youth should engage in RT (Faigenbaum et al., 2009; Lloyd et al., 
2014). Research indicates that appropriately designed, and well- 
supervised RT programmes can benefit youth of all ages, with 
children as young as 5 years of age making noticeable improve-
ments in strength (Weltman et al., 1986). Specifically, RT provides 
an additional stimulus to the neural maturation taking place, 
resulting in further development compared to youth who do not 
take part in RT (Myers et al., 2017). Additionally, RT has numerous 
health benefits for youth and an appropriate programme has 
been shown to improve bone health (Fukunaga et al., 1992), 
decrease cardiovascular disease risk (Faigenbaum et al., 2009), 
decrease metabolic risk factors, improve body composition 
(Shaibi et al., 2006) and improve self-esteem (Goldfield et al., 
2015). Motor skills (such as jumping, running, throwing) have 
also been shown to be improved in youths after a period of 
resistance training (Faigenbaum et al., 2009). The importance of 
RT as a mode of PA is clear due the associated health benefits 
and its inclusion in the PA guidelines. An additional advantage of 
RT could be a positive impact on MVPA, which is indirectly 
supported by the “Pediatric Inactivity Triad” (PIT) which proposes 
that low muscle strength (dynapenia) is associated with low 
levels of MVPA (Faigenbaum et al., 2018).
When considering if there is a direct impact of RT on PA 
levels, there are only two studies to date that have investigated 
the effect of RT on PA levels. They found significant increases in 
daily spontaneous PA in 10–14 year olds following a RT inter-
vention (Eiholzer et al., 2010; Meinhardt et al., 2013). Meinhardt 
et al. included 102 children (42 girls 60 boys) who took part in 
a school-based resistance training programme (Meinhardt 
et al., 2013). There was a significant increase in daily sponta-
neous PA in the boys but not the girls. However, the age range 
spanned across different pubertal stages with most of the girls 
being pubertal in contrast to the boys who were mainly pre-
pubertal. The difference in findings between sexes may there-
fore be due to an increase in sex hormone concentration and 
a resulting increase in muscle mass (Ford et al., 2011). It was 
also unclear whether the children were sufficiently active prior 
to the study, and it was not apparent if there were significant 
differences between the boys and girls at baseline (Meinhardt 
et al., 2013). In Eiholzer et al. 46 boys participated in the study 
from two local ice hockey teams which involved taking part in 
supervised resistance training (Eiholzer et al., 2010). They found 
a significant increase in PA compared to the control group, 
despite both experimental and control groups being competi-
tive ice hockey players. Whilst promising, these studies only 
demonstrated significant findings in males and did not sub-
stantially explore the potential underlying mechanisms of the 
effect, although in both studies there were significant increases 
in strength. However, in the Meinhardt et al. study, increases in 
strength were identified in both the boys and girls, despite the 
girls not showing a significant increase in PA (Eiholzer et al., 
2010; Meinhardt et al., 2013). Overall, these studies concluded 
that RT could be used as a strategy to increase PA levels, but 
further investigation is required to substantiate this effect, 
particularly in inactive individuals.
There is some evidence to support the association between 
RT and PA levels but there is no evidence that supports possible 
mediators of this association. RT has been shown to have 
a positive impact on weight status, fundamental movement 
skills (FMS) and “the self” and these outcomes are identified 
as being associated with PA (thus, correlates of PA) and there-
fore may be important mediators of a possible effect of RT on 
MVPA. Additionally, as RT has been found to increase strength 
in youth, it may be proposed that strength could be an under-
lying mechanism that could explain a positive effect of RT on 
the correlates of PA.
To investigate the association between weight status and 
PA, Strong et al. reviewed cross-sectional and longitudinal 
observational studies that concluded that youth of both sexes 
who participate in relatively high levels of physical activity have 
less adiposity than inactive youth (Strong et al., 2005). More 
recent studies have reported associations between weight sta-
tus and PA (Fairclough et al., 2012; Ferrari et al., 2015; Kreuser 
et al., 2013). Considering specifically RT as a strategy to treat 
and/or prevent obesity, there are systematic reviews that have 
explored the impact of RT on weight status (Alberga et al., 2011; 
Benson et al., 2008; Dietz et al., 2012; Lee et al., 2019; Schranz 
et al., 2013a) and the rationale being that there could be an 
increase in skeletal muscle mass and resulting increase in basal 
metabolic rate (Smith et al., 2014). Investigating the impact of 
RT on weight status in youth, a recent meta-analysis reported 
statistically significant effect sizes for skinfolds (Hedges’ 
g = 0.274, P = 0.01) and body fat percentage (Hedges’ 
g = 0.215, P = 0.007) (Collins et al., 2018). However, the review 
highlighted that the evidence base is not strong with substan-
tial variability among intervention design across 18 studies, and 
with just 44% of included studies classified as “strong”. 
Furthermore, the majority of research investigates multi- 
component interventions, so it is difficult to isolate the effect 
of RT (Alberga et al., 2011; Schranz et al., 2013a).
A recognised complication for overweight children with 
regards to PA is that they have difficulty performing funda-
mental movement skills (FMS) (Goodway & Ruiz, A, 2003). 
Strong evidence has been reported for a positive association 
between FMS competency and PA in youth (S Logan et al., 
2015; Lubans et al., 2010; Ramos Dos Santos et al., 2017). FMS 
are commonly categorised as locomotor (e.g., running, jump-
ing), stability (e.g., balancing, twisting) and object control 
(throwing, catching, kicking) (Lubans et al., 2010) and could 
be described as “building blocks” of more complex movements 
(SW Logan et al., 2018). It has been suggested that if muscular 
strength and FMS are not enhanced early in life this may 
hamper a child’s ability to participate in a variety of activities 
and sports in later life (Faigenbaum & Myer, 2012). The PIT 
model also alludes to an association between muscular 
strength and FMS (Faigenbaum et al., 2018). In support of 
this, there were statistically significant effects reported of RT 
on specific FMS in youth (vertical jump, squat jump, standing 
long jump, spring and throw) following a meta-analysis of 22 
studies (Collins et al., 2019). Both functional (e.g., changes in 
motor unit coordination) and structural (e.g., muscular hyper-
trophy) adaptations as a result of RT might bring about changes 
in motor competency (Behringer et al., 2011), which may be 
linked to the development of FMS.
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In addition to FMS, the PIT model also identifies that “phy-
sical illiteracy” also includes lack of confidence, and knowledge 
to move proficiently in a variety of physical activities 
(Faigenbaum et al., 2018). There is a consensus for an associa-
tion between PA and constructs relating to “the self” (e.g., self- 
esteem, self-concept, physical self-perceptions) in youth (Ahn & 
Fedewa, 2011; Ekeland et al., 2005; Liu et al., 2015). Despite 
some limitations regarding methodological design, collectively 
these reviews provide convincing evidence of an association 
between PA and “the self”. Furthermore, a previous systematic 
review investigated the impact of RT on “the self” in youth with 
reported statistically significant effect sizes for resistance train-
ing efficacy, perceived physical strength, physical self-worth, 
and global self-worth (Collins et al., 2019). Indirect support also 
comes from studies that demonstrate a positive association 
between muscular fitness and physical self-perceptions (Smith 
et al., 2014). For example, in a systematic review, Lubans et al. 
(Lubans & Cliff, 2011) reported evidence of an association 
between muscular fitness and physical self-perceptions (per-
ceived physical performance and perceived sports compe-
tence), overall physical self-worth and global self-esteem in 
youth.
Hence, although there is evidence to support the effect of RT 
on these correlates of PA, the research is not substantial and 
warrants further investigation. Furthermore, it remains uncer-
tain as to whether there is an effect of RT on PA levels, and 
whether this effect is mediated by weight status, FMS and “the 
self”.
Therefore, the aim of this study was to investigate the 
impact of a RT intervention on strength, correlates of PA 




Institutional ethics committee approval was granted before the 
study commenced. Information leaflets were displayed on 
social media and sent out to nine local primary schools. 
Eligible participants were primary school students aged 8– 
10 years. This age group was targeted due to the participants 
being old enough to understand instruction but still being pre- 
adolescent (Faigenbaum et al., 2009), therefore reducing the 
chance of an increase in sex hormone concentration and 
a resulting increase in muscle mass (Ford et al., 2011). 
Participants were ineligible if they were currently engaged in 
regular RT or had extensive experience in RT. They were also 
ineligible if they had: a pathological condition or disability 
which affects movement (e.g., cerebral palsy or dyspraxia), 
a behavioural or neuropsychological condition (e.g., autism or 
attention deficit hyperactivity disorder) or a physical injury 
preventing testing or training. Participants were only included 
if they were classified as either overweight/obese (Reilly et al., 
2010) (the cut-off points are described below) or did not meet 
the MVPA guidelines (Chief Medical Office, 2019) (defined as 
“inactive” in this study) as evaluated during the first assessment 
session. Informed written consent was provided by participants 
and parents.
Participants
Twelve participants (7 males, 5 females) were recruited. All 
participants were classified as “inactive” (World Health 
Organization, 2011) and/or were classified as overweight or 
obese (Reilly et al., 2010). The participants were quasi- 
randomly allocated to the experimental group (EG, 3 males, 3 
females) or control group (CG, 4 males, 2 females) based on 
training day availability.
Procedure
Following completion of health questionnaires, baseline test-
ing on all participants was conducted where strength, FMS, 
weight status and physical self-perceptions were assessed. All 
assessments were completed by trained research assistants. 
Measurements were completed on the same day, using the 
same instruments at each time point and in the same order. 
Participants completed the questionnaires before physical 
assessments to prevent the actual process of assessment influ-
encing their responses. Following these sessions, acceler-
ometers were provided to be worn for 7 days. Follow-up tests 
were subsequently completed the week following the interven-
tion. Attendance was recorded and compliance calculated as 
the average number of sessions attended by all participants.
Assessments
Strength
An isometric mid-thigh pull (IMTP, custom-built rig, Pasco force 
plates) was used to assess peak force with a previously reported 
protocol involving a standardised warm up, standard set up 
position and maximal pull over two trials (Moeskops et al., 
2018). The highest peak force in Newtons and peak force 
relative to body mass were used for analysis. Within- and 
between-session measures of absolute and relative peak force 
were previously reported to be reliable (CV ≤ 9.4%, ICC ≥ 0.87) 
(Moeskops et al., 2018).
Fundamental movement skills
To assess FMS, the Canadian Agility and Movement Skills 
Assessment (CAMSA) was conducted (Longmuir et al., 2017) 
with the time required to complete the course recorded and 
the quality of each skill scored as prescribed in a specified 
checklist (including items such as “body and feet are aligned 
sideways” and “correct step-hop foot pattern when skipping”) 
(Longmuir et al., 2017). The total score was quantified as sum of 
skill and time scores. Evidence for test–retest reliability for 
completion time was excellent (ICC = 0.82–0.84) and for the 
skill score, it was moderate to substantial (ICC = 0.46–0.74) 
(Longmuir et al., 2017).
Weight status
Stretch stature (Seca Leicester stadiometer) and body mass 
(Seca 813) were assessed to the nearest 0.1 cm and 0.1 kg, 
respectively (International Society of Anthropometry and 
Kinanthropometry, 2011). Body Mass Index (BMI) was calcu-
lated and BMI Z-scores for age and gender (standard deviation 
score) which are measures of relative weight adjusted for child 
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age and sex (Must & Anderson, 2006). This was calculated using 
the Cole LMS method and UK 1990 reference data based on 
37,700 children, with an age range of 23 weeks gestation to 
23 years (Cole et al., 1998). BMI-related weight status was 
classified as: healthy weight = BMI Z-score <1.04; 
overweight = BMI Z-score 1.04–1.63; obesity = BMI Z-score 
≥1.64 (Reilly et al., 2010).
To assess body fatness, four skinfolds (tricep, bicep, sub-
scapular and supraspinale) were taken by a Level 1 ISAK accre-
dited anthropometrist, (International Society of Anthropometry 
and Kinanthropometry, 2011). This method has been used pre-
viously with children (Cicek et al., 2014). Girth measurements 
were also taken for the waist, hips, and right upper arm 
(International Society of Anthropometry and 
Kinanthropometry, 2011).
Physical Self-perceptions
The CY-PSPP (Whitehead, 1995) was used to assess the partici-
pants’ physical self-perceptions. This test assesses six different 
dimensions of self-concept: sport competence, physical condi-
tion, body attractiveness, strength competence, physical self- 
worth, and global self-worth (Whitehead, 1995). This question-
naire has been validated with children aged between 8 and 
12 years (Welk & Eklund, 2005). Perceived body attractiveness 
was not a key outcome measure and was removed from the 
questionnaire.
Physical activity
PA was monitored with an ActiGraph GT3X+ accelerometer for 
7 days before and after the intervention. Accelerometers were 
set to record at a 30 Hz sampling frequency (Yang & Hsu, 2010). 
Participants were instructed to wear the monitor at all time 
times on the right hip, except during water-submerged activ-
ities, during contact sports, or during sleep. Raw data was 
downloaded on the ActiLife 6.1 software as activity counts at 
10 second intervals. Valid wear time was defined as a minimum 
of 4 full days of recorded accelerometer data (including at least 
1 weekend day), with a full day consisting of a total 10 hour 
wear time (Ward et al., 2005). A 60-s epoch was used and non- 
wear time was defined as strings of consecutive zeros lasting 
60 min or more (Cooper et al., 2015). The accelerometer output 
is in counts per minute (cpm). Evenson cut points (Evenson 
et al., 2008) were used to define time spent being sedentary 
(≤100 cpm) and time spent in MVPA (≥2296 cpm). Extra activity 
was recorded via a physical activity diary, including estimated 
intensity of the activity, and additional MVPA minutes were 
added for participants who had performed activities while not 
wearing the accelerometer (e.g., swimming).
Treatment conditions
The CG was asked to refrain from any RT and maintain their 
normal PA for the study period. The EG participated in 
a progressive RT programme delivered after school at the 
University of Dundee twice a week for 10 weeks in addition to 
their normal activity. Qualified strength and conditioning coa-
ches delivered the sessions, with a coach to participant ratio of 
1:3. The session content is shown in Table 1. The range of sets 
and reps followed recommendation by the UKSCA for a youth 
beginner (Lloyd et al., 2014) and a warm up and cool down was 
completed (Faigenbaum et al., 2009). The participants initially 
were to complete eight repetitions but as the loading increased, 
this was reduced to 6. There were four key exercises (Table 1) 
with variable core strength exercises and a “hanging challenge” 
to finish. The use of body weight and free weights were included 
as they provide a full-body movement to challenge major mus-
cle groups and control of body mass in a variety of push, pull, 
squat and lunge movements to develop foundational strength 
(Kraemer & Fleck, 2005). The exercises outside of the key exer-
cises were varied and were sometimes a choice of the partici-
pant to encourage engagement. Rest between sets and 
exercises was 60 to 120 seconds (Faigenbaum et al., 2009) and 
the initial load was the lightest available (broomstick or 5 kg bar 
(with 2.5 kg plates for deadlifts)). This load progressed by 5–10% 
once the coach deemed the participant competent at the exer-
cise and the load appeared insufficient to provide overload 
(Faigenbaum et al., 2009). Load progression during the interven-
tion was recorded. The session duration was 45 minutes.
Feedback session
A feedback session was conducted and recorded with the 
parents (n = 5) and children (n = 5) from the EG, following the 
intervention. The key theme explored was whether the parents 
and the children felt there were benefits (to the child) from 
taking part in the intervention.
Data analysis
Data analysis for the quantitative measures was undertaken 
using the Statistical Package for the Social Sciences (SPSS, 
version 22, SPSS Inc., Chicago, Ill, USA) with differences 
between treatment groups being considered statistically sig-
nificant at P < 0.05. All data were assessed for normality and 
were analysed accordingly. Differences between groups at 
baseline were tested using independent samples t-tests. 
A mixed ANOVA with repeated measures was conducted to 
examine the effect of the intervention between groups, over 
time. Hedges’ g was used to assess the differences in changes 
scores between the EG and CG (pre and post intervention). 
Effect sizes were defined as small (0.20–0.49), medium (0.50– 
0.79) and large (>0.80) (Cohen, 1988). All data are presented as 
mean (±sd). Recommended sample sizes were calculated using 
G-Power following the primary analyses to determine the sam-
ple size required to detect the effect at the chosen significance 
level (Faul et al., 2007)
Table 1. Resistance training programme.
Exercise Sets/Reps
Warm up – a variety of active games, overhead 
broom stick squat (plus 1 warm up set of each 
exercise)
5 minutes
Key exercise 1- Deadlift 2 x 6–8
Key exercise 2- Push Press/TRX row 2 x 6–8 (alternate push/ 
pull each session)
Key exercise 3- Back Squat 2 x 6–8
Key exercise 4- Walking lunge/overhead lunge/side 
lunge
2 x 6–8 (each leg)
Front plank/dead bugs/hollow hold Variable depending on 
the exercise.
Hanging challenge – hang from a pull up bar. Maximum hang time
Cool down – stretch of major muscle groups 5 minutes
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Results
Table 2 shows the baseline characteristics of the sample. The 
age of the sample was 8.9 ± 1.0 years. All participants were 
classified as either overweight/obese (n = 11) and/or inactive 
(n = 10), noting that there was not sufficient wear time for two 
of the participants to assess activity levels (although they were 
both classified as overweight/obese). Mean sessions attended 
was 79% (ranging from 70% to 90%) and, removing missed 
sessions due to school holidays (4 sessions), the mean atten-
dance was 93% (ranging from 90% to 100%). None of the 
participants withdrew from the study. There were no reported 
training injuries or excessive muscle soreness at any stage. 
There were no significant differences between the groups at 
baseline across all measures (Table 2).
Table 3 shows the pre and post-intervention data for all 
outcomes for the EG and CG alongside the ANOVA data and 
associated effect sizes. Although baseline measures of MVPA 
were collected, statistical analysis was not possible as only data 
from three participants in each group was obtained.
Intervention effects
All data were normally distributed. From the ANOVA analysis, 
the significant main effects for time were: CAMSA total 
(P = 0.002), CAMSA skill (P = 0.036), CAMSA time (P = 0.005), 
stretch stature (P < 0.001), and body mass (P = 0.004). The 
significant main effects for group were: BMI (P = 0.048), BMI 
Z-score (P = 0.046) and hip circumference (P = 0.048). There 
were significant time x group interactions for CAMSA total 
(P = 0.016), CAMSA skill score (P = 0.036) and stretch stature 
(P = 0.002) with the EG displaying larger changes than the CG. 
This demonstrated a positive impact of the RT intervention 
on FMS.
While not statistically significant, there were large, positive 
effect sizes for CAMSA total score (Hedges’ g = 0.830, P = 0.138), 
CAMSA skill score (Hedges’ g = 0.895, P = 0.112) and relative 
strength (Hedges’ g = 0.825, P = 0.140). There was a medium 
positive effect size for arm circumference (a decrease in the EG 
but an increase in the CG) (Hedges’ g = 0.500, P = 0.357). All 
other effect sizes were negligible or small. A post hoc power 
analysis revealed that an n of between 4 and 70 (on outcomes 
where an effect size of ≥0.2 was evident) would be needed to 
obtain statistical power at the recommended 0.80 level (Cohen, 
1988).
Feedback session
Children and parents expressed positive changes with regard 
to „the self“ including: feeling positive to keep progressing, 
improved confidence and a sense of achievement. 
Additionally, comments were made that might support an 
impact of RT on PA levels with one child stating that they 
were encouraged to try other activities and another child iden-
tifying that they had gained strength which had made running 
easier.
Discussion
The aim of this study was to investigate the impact of RT on 
strength, correlates of PA (weight status, FMS and “the self”) 
and MVPA. There was a statistically significant interaction for 
group x time for the FMS outcomes of CAMSA skill score, and 
total score, with large effect sizes for some FMS outcomes. 
There were also small to large effect sizes for strength, 
a medium effect size for weight status and small effect sizes 
for physical self-perceptions. There were no statistically sig-
nificant findings for all other outcomes and there were not 
sufficient data to assess the impact on MVPA. This pilot study 
shows that there are positive effects of RT on specific corre-
lates of PA in youth and potentially also on strength, although 
further research would be required to substantiate this. 
Therefore, in part, these findings support the UKSCA (Lloyd 
et al., 2014) and NSCA’s (Faigenbaum et al., 2009) position 
statements on youth RT that both report that RT may have 
a positive impact on strength, weight status, FMS and “the 
self”.
Strength
There was a large positive effect size found for relative strength 
(g = 0.825, P = 0.140) and a small, positive effect size for 
maximum strength (g = 0.329, P = 0.540) although these were 
not statistically significant. Importantly for an overweight/ 
obese population, an improvement in strength promotes 
engagement in daily activities, physical activity and subse-
quently improves their health-related quality of life (Thivel 
et al., 2016). Therefore, an increase in relative strength is an 
important outcome for this participant group and the large 
effect size is a key finding.
Previous studies have shown an increase in strength follow-
ing a RT intervention in overweight and obese youth (Alberga 
et al., 2011; Schranz et al., 2013b) despite variable protocols 
used to measure strength and inconsistent intervention design. 
An improvement in strength, particularly in prepubescent par-
ticipants, has been attributed to neural factors rather than 
hypertrophy (Granacher et al., 2011) which is in support of 
the PIT model regarding the association between strength 
and FMS (Faigenbaum et al., 2018) and additionally could 
explain the FMS findings in the present study, which are 
detailed below.
Table 2. Baseline characteristics.
Variable
Experimental Group 
(n = 6) 
(mean±sd)
Control Group (n = 6) 
(mean±sd)
Age (yrs) 8.7 ± 1 9.2 ± 1
Males (n) 3 4
Females (n) 3 2
Stretch stature (cm) 143.3 ± 5.3 140.8 ± 5.8
Body mass (kg) 50.5 ± 11.2 40.3 ± 6.4
BMI (kg/m2) 24.4 ± 4.0 20.3 ± 2.5
BMI Z-score 2.54 ± 0.61 1.50 ± 0.93
Overweight (n) 0 2 (33%)
Obese (n) 6 (100%) 3 (50%)
Inactive (n) 5 (100%) 5 (100%)
Average daily MVPA 
(mins)
38.2 ± 11.6 (n = 5) 37.9 ± 6.6 (n = 5)
Note – baseline physical activity data was collected from 10 out of 12 partici-
pants. No statistically significant differences between groups (P < 0.05).
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FMS
CAMSA skill and total scores significantly increased in the EG in 
comparison to the CG over time (P = 0.036 and P = 0,016 respec-
tively), although this was not the case for CAMSA time score. It is 
important to note that time score did not decrease so the partici-
pants did not compromise the speed of movement for quality. 
When examining the effect sizes, there was also found to be 
a large effect of the intervention on the CAMSA skill score 
(g = 0.895) and the total score (g = 0.830) (although time score is 
accounted for in the total score). An explanation for these positive 
findings could be that neural adaptations (changes in motor unit 
coordination, firing and recruitment) occurred as a result of RT 
(Ozmun et al., 1994), and since they are essential for optimal 
movement, were manifested in changes in FMS. This also supports 
the hypothesis that strength could be an underlying mechanism 
that would explain the change in FMS, due to the increase in 
relative strength.
Our current findings suggest that RT has a positive effect on 
“process outcomes” of FMS (i.e., skill score), which as far as we 
are aware has not been previously evaluated in the literature. 
This would imply that a RT intervention has a positive impact 
on the quality of movement. Improved FMS competence is 
thought to accompany increased PA (Stodden et al., 2008) 
and recent research has reported associations between process 
assessments of FMS and PA levels (Logan et al., 2015; Ramos 
Dos Santos et al., 2017). Therefore, if RT has a positive impact on 
FMS as is suggested by the current study, it is hypothesised that 
this could have a positive effect on PA levels, however, further 
work is needed to substantiate this.
Weight status
The statistically significant positive changes over time for stretch 
stature (P < 0.001), and body mass (P = 0.004) is a logical finding 
due to maturation. The statistically significant changes in stretch 
stature in the EG, in comparison to the CG over time (P = 0.002) 
may have an influence on the group differences in BMI and BMI 
Z-score, however, effect sizes were negligible. Despite no statis-
tically significant changes in weight status outcomes in the EG, 
in comparison to the CG, over time the medium-positive effect 
size for arm circumference (g = 0.500) is difficult to interpret due 
to no significant changes in skinfolds. This finding could possibly 
be due to an increase in skeletal muscle mass and resulting 
increase in basal metabolic rate (Smith et al., 2014). However, 
there is mixed evidence with regards to whether youth may 
experience increases in muscle mass following RT, most likely 
due to inadequate levels of circulating testosterone 
(Faigenbaum et al., 2009); this may explain why there were no 
effects on the majority of weight status outcomes in the present 
study. Additionally, taking part in an active intervention was not 
sufficient to increase overall energy expenditure to elicit 
a change in weight status outcomes. This emphasises the impor-
tance of including dietary measures in further research.
A previous study involving a similar population reported 
a significant decrease in body fat percentage and increase in 
lean body mass (McGuigan et al., 2009), which were findings 
not observed in the present study. However, there was a larger 
sample size, a DEXA scan was used as the measurement tool 
and the participants trained three times a week. Although 
overall the evidence to support a positive effect of RT on weight 
status is not compelling, there is some evidence from the 
findings to support a positive effect. Consequently, a larger 
scale study of longer duration would be recommended to 
investigate this in more depth, in particular as there is a trend 
of decreasing skinfolds measurements in the EG.
“The self”
There were no statistically significant changes in CY-PSPP 
score in the EG, in comparison to the CG. From the effect 
size data, there were small positive effect sizes for perceived 
physical condition (g = 0.275) and global self-worth 
(g = 0.367), but small negative effect sizes for perceived 
strength (g = −0.214), sport competence (g = −0.345) and 
physical self-worth (g = – 0.201). With negligible to small 
effect sizes, these findings are unlikely to represent an impor-
tant change and additionally are in conflict with some of the 
feedback session comments. This might suggest that although 
the measurement tool was previously validated with a similar 
age group (Welk & Eklund, 2005), this might have had an 
impact on the findings due to reported developmental differ-
ences (Estevan & Barnett, 2018). Similar studies using the 
same assessment tool reported significant findings (Goldfield 
et al., 2015; Velez et al., 2010), which is in conflict with the 
findings of the current study. However, the participants were 
older, the studies involved larger sample sizes and the inter-
ventions were longer duration. Taking this into consideration, 
it is hypothesised that perceived physical competencies could 
develop through RT, ultimately enhancing global self-esteem, 
which is a mechanism explained in the EXSEM model 
(Sonstroem & Morgan, 1989).
Feedback session
While the feedback session was not part of the data reported 
herein, anecdotally, the researchers learned that, based on the 
comments from both parents and children, there are potential 
positive impacts on “the self” that may not have been evi-
denced in the questionnaire Future investigations should 
include specific qualitative methodologies to uncover these 
possibilities. These positive comments imply the possible sus-
tainability of such a programme and are in agreement with 
a previous meta-analysis (Collins et al., 2019). A specific com-
ment made regarding a child feeling confident enough to try 
other activities, also supports the hypothesis that the RT pro-
gramme could indirectly impact on PA levels.
Limitations
The power analysis indicated that the study was adequately 
powered for the CAMSA total score and speed score (required 
n = 4 and 6, respectively), however, it was underpowered to 
detect small between group differences for many outcomes. 
This pilot study makes a unique contribution however by pro-
viding the effect sizes needed to inform a definitive RCT to 
investigate this topic further. Regarding recruitment, it could 
be difficult for parents to acknowledge that their child may be 
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inactive and/or overweight/obese and therefore they may be 
less likely to see the need for their child to be involved (Jeffery 
et al., 2005). Hence, it may be beneficial to recruit via a clinical 
pathway for this population in future definitive RCT’s.
Regarding the data, although not statistically different at 
baseline, there appears to be large differences between the 
groups for some of the measures and this should be acknowl-
edged when interpreting the results. Specifically for the mea-
sure of “the self”, it should be noted that questionnaires 
administered to youth may not be understood by the partici-
pants, particularly due to the young age (pre-adolescent) 
(Faigenbaum & Zaichkowsky, 1997) and therefore this may 
present a limitation for the current study. Additionally, future 
research should consider a measure of maturation status. 
Finally, unfortunately there was no sufficient post-intervention 
data collected for MVPA, and it is apparent that significant 
emphasis on the importance of sufficient wear time and clear 
instructions are crucial. However, research has reported the 
difficulties of compliance with accelerometer wear time in 
children (Robertson et al., 2011) but suggests some ways to 
increase this, such as rewards, social conformity and wear time 
reminders (McCann et al., 2016), which could be implemented 
in future studies to increase compliance.
Although the intervention was 10 weeks in duration, it took 
a significant amount of time for the children to learn the exercises 
and therefore a familiarisation period would be recommended. 
Additionally, while participants were asked to maintain their 
normal PA and dietary patterns over the study period, it is not 
possible to ascertain if this was the case. Our study did not 
include a long-term follow-up and it is therefore unknown 
whether any changes in outcomes persisted when the training 
stimulus was withdrawn, and longer-term studies are needed to 
determine if any benefits from RT are maintained, if the partici-
pants remain engaged and/or have increased PA levels.
Conclusion
In summary, this study demonstrated that a 10 week RT inter-
vention has a positive effect on strength, and FMS. Effect sizes 
suggest there may also be an impact on weight status and “the 
self”. Overall, this pilot study provides evidence to support the 
effectiveness and feasibility of RT as a mode of PA for over-
weight/obese and/or inactive youth. Furthermore, the study 
offers both guidance for future intervention design, for a full 
RCT, and programme delivery. To build on these findings, 
a larger scale study could provide useful evidence to support 
the development of RT interventions for inactive and/or over-
weight/obese children to not only develop the identified cor-
relates of PA but ultimately increase PA levels and in the longer 
term have a positive effect on health and well-being.
Acknowledgments
The authors thank the participants for their commitment to the study.
Disclosure statement
No potential conflict of interest was reported by the author(s).
ORCID
Helen M Collins http://orcid.org/0000-0002-6394-1161
Samantha Fawkner http://orcid.org/0000-0003-4056-4989
Josephine N Booth http://orcid.org/0000-0002-2867-9719
Audrey Duncan http://orcid.org/0000-0002-6634-5082
References
Ahn, S., & Fedewa, A. L. (2011). A meta-analysis of the relationship between 
children’s physical activity and mental health. J Pediatr Psychol, 36(4), 
385–397. https://doi.org/10.1093/jpepsy/jsq107 
Alberga, A. S., Sigal, R. J., & Kenny, G. P. (2011). A review of resistance 
exercise training in obese adolescents. Physician Sportsmed, 39(2), 
50–63. https://doi.org/10.3810/psm.2011.05.1895 
Behringer, M., Heede, A. V., Matthews, M., & Mester, J. (2011). Effects of 
strength training on motor performance skills in children and adoles-
cents: A meta-analysis. Pediatr Exerc Sci, 23(2), 186–206. https://doi.org/ 
10.1123/pes.23.2.186 
Benson, A. C., Torode, M. E., & Fiatarone Singh, M. A. (2008). Effects of 
resistance training on metabolic fitness in children and adolescents: 
A systematic review. Obes Rev, 9(1), 43–66. https://doi.org/10.1111/j. 
1467-789X.2007.00388.x 
Chief Medical Office. UK Chief Medical Officers’ Physical Activity Guidelines 
2019 [Available from: https://assets.publishing.service.gov.uk/govern 
ment/uploads/system/uploads/attachment_data/file/832868/uk-chief- 
medical-officers-physical-activity-guidelines.pdf .
Cicek, B., Ozturk, A., Unalan, D., Bayat, M., Mazicioglu, M. M., & Kurtoglu, S. (2014). 
Four-site skinfolds and body fat percentage references in 6-to-17-year old 
Turkish children and adolescents. J Pak Med Assoc, 64(10), 1154–1161. http:// 
jpma.org.pk/article-details/7008?article_id=7008 
Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed 
ed.). Lawrence Earlbaum Associates.
Cole, T. J., Freeman, J. V., & Preece, M. A. (1998). British 1990 growth 
reference centiles for weight, height, body mass index and head circum-
ference fitted by maximum penalized likelihood. Stat Med, 17(4), 
407–429. https://doi.org/10.1002/(SICI)1097-0258(19980228)17:4<407:: 
AID-SIM742>3.0.CO;2-L 
Collins, H., Booth, J. N., Duncan, A., & Fawkner, S. (2019). The effect of 
resistance training interventions on fundamental movement skills in 
youth: A meta-analysis. Sports Med - Open, 5(1), 17. https://doi.org/10. 
1186/s40798-019-0188-x 
Collins, H., Booth, J. N., Duncan, A., Fawkner, S., & Niven, A. (2019). The effect 
of resistance training interventions on ‘The Self’ in youth: A systematic 
review and meta-analysis. Sports Medicine - Open, 5(1), 29. https://doi. 
org/10.1186/s40798-019-0205-0 
Collins, H., Fawkner, S., Booth, J. N., & Duncan, A. (2018). The effect of 
resistance training interventions on weight status in youth: A 
meta-analysis. Sports Med Open, 4(1), 41. https://doi.org/10.1186/ 
s40798-018-0154-z 
Cooper, A. R., Goodman, A., Page, A. S., Sherar, L. B., Esliger, D. W., van 
Sluijs, E. M. F., Andersen, L.B., Anderssen, S., Cardon, G., Davey, R., 
Froberg, K., Hallal, P., Janz, K.F., Kordas, K., Kreimler, S., Pate, R.R., Puder, 
J.J., Reilly, J.J., Salmon, J., Sardinha, L.B., Timperio, A., Ekelund, U. (2015). 
Objectively measured physical activity and sedentary time in youth: The 
International children’s accelerometry database (ICAD). International 
Journal of Behavioral Nutrition and Physical Activity, 12(1), 113. https:// 
doi.org/10.1186/s12966-015-0274-5 
Dietz, P., Hoffmann, S., Lachtermann, E., & Simon, P. (2012). Influence of 
exclusive resistance training on body composition and cardiovascular 
risk factors in overweight or obese children: A systematic review. Obes 
Facts, 5(4), 546–560. https://doi.org/10.1159/000341560 
Eiholzer, U., Meinhardt, U., Petro, R., Witassek, F., Gutzwiller, F., & Gasser, T. 
(2010). High-intensity training increases spontaneous physical activity in 
children: A randomized controlled study. J Pediatr, 156(2), 242–246. 
https://doi.org/10.1016/j.jpeds.2009.08.039 
Ekeland, E., Heian, F., Hagen, K., & Coren, E. (2005). Can exercise improve self 
esteem in children and young people? A systematic review of rando-
mised controlled trials. Br J Sports Med, 39(11), 792–798. https://doi.org/ 
10.1136/bjsm.2004.017707 
8 H. M. COLLINS ET AL.
Estevan, I., & Barnett, L. M. (2018). Considerations Related to the 
Definition, Measurement and Analysis of Perceived Motor 
Competence. Sports Medicine, 48(12), 2685–2694. https://doi.org/10. 
1007/s40279-018-0940-2 
Evenson, K. R., Catellier, D. J., Gill, K., Ondrak, K. S., & McMurray, R. G. (2008). 
Calibration of two objective measures of physical activity for children. 
J  S p o r t s  S c i ,  2 6 ( 1 4 ) ,  1 5 5 7 – 1 5 6 5 .  h t t p s : / / d o i . o r g / 1 0 . 1 0 8 0 /  
02640410802334196 
Faigenbaum, A., Best, T. M., MacDonald, J., Myer, G. D., & Top, S. A. (2014). 10 
research questions related to exercise deficit disorder (EDD) in youth. Res 
Q Exerc Sport, 85(3), 297–307. https://doi.org/10.1080/02701367.2014. 
931179 
Faigenbaum, A., Kraemer, W. J., Blimkie, C. J., Jeffreys, I., Micheli, L. J., & 
Nitka, M. (2009). Youth resistance training: Updated position statement 
paper from the national strength and conditioning association. 
J Strength Cond Res, 23(5), S60-79. http://doi.0rg/10.1519/JSC. 
0b013e31819df407 
Faigenbaum, A., & Zaichkowsky, L. D. (1997). Psychological effects of 
strength training on children. J Sport Behav, 20(2), 164. https://thefreeli 
brary.com/Psychological+effects+of+strength+training+on+children.- 
a019619546 
Faigenbaum, A. D., MacDonald, J. P., Stracciolini, A., & Rebullido, T. R. (2020). 
Making a Strong Case for Prioritizing Muscular Fitness in Youth Physical 
Activity Guidelines. Current Sports Medicine Reports, 19(12), 12. https:// 
doi.org/10.1249/JSR.0000000000000784 
Faigenbaum, A. D., & Myer, G. D. (2012). Exercise deficit disorder in youth: 
Play now or pay later. Curr Sports Med Rep, 11(4), 196–200. https://doi. 
org/10.1249/JSR.0b013e31825da961 
Faigenbaum, A. D., Rebullido, T. R., & MacDonald, J. P. (2018). Pediatric 
Inactivity Triad: A Risky PIT. Current Sports Medicine Reports, 17(2), 2. 
https://doi.org/10.1249/JSR.0000000000000450 
Fairclough, S. J., Boddy, L. M., Ridgers, N. D., & Stratton, G. (2012). Weight 
status associations with physical activity intensity and physical 
self-perceptions in 10- to 11-year-old children. Pediatr Exerc Sci, 24(1), 
100–112. https://doi.org/10.1123/pes.24.1.100 
Faul, F., Erdfelder, E., & Lang A-G, B. A. (2007). G*Power 3: A flexible statis-
tical power analysis program for the social, behavioral, and biomedical 
sciences. Behavior Research Methods, 39(2), 175–191. https://doi.org/10. 
3758/BF03193146 
Ferrari, G. L., Oliveira, L. C., Araujo, T. L., Matsudo, V., Barreira, T. V., Tudor- 
Locke, C.,Katzmarsky, P. (2015). Moderate-to-Vigorous Physical Activity 
and Sedentary Behavior: Independent Associations With Body 
Composition Variables in Brazilian Children. Pediatr Exerc Sci, 27(3), 
380–389. https://doi.org/10.1123/pes.2014-0150 
Ford, P., De Ste Croix, M., Lloyd, R., Meyers, R., Moosavi, M., Oliver, J., Till, K., 
Williams, C.(2011). The long-term athlete development model: 
Physiological evidence and application. J Sports Sci, 29(4), 389–402. 
https://doi.org/10.1080/02640414.2010.536849 
Fukunaga, T., Funato, K., & Ikegawa, S. (1992). The effects of resistance 
training on muscle area and strength in prepubescent age. Annals of 
Physiological Anthropology, 11(3), 357–364. https://doi.org/10.2114/ 
ahs1983.11.357 
Goldfield, G. S., Kenny, G. P., Alberga, A. S., Prud’homme, D., 
Hadjiyannakis, S., Gougeon, R., Philips, P., Tulloch, H., Malcolm, J., 
Doucette, S., Wells, G.A., Ma, J., Cameron, J.D., Sigal, R.J. (2015). Effects 
of aerobic training, resistance training, or both on psychological health 
in adolescents with obesity: The HEARTY randomized controlled trial. 
J Consult Clin Psychol, 83(6), 1123–1135. https://doi.org/10.1037/ 
ccp0000038 
Goodway, J. D. S., & Ruiz, A, R. (2003). The influence of project SKILL on the 
motor skill development of young disadvantaged Hispanic children. Res 
Q Exerc Sport, 74(1), A12–A3. https://doi.org/10.1080/02701367.2003. 
10609062 
Granacher, U., Goesele, A., Roggo, K., Wischer, T., Fischer, S., Zuerny, C., 
Gollhofer, A., Kriemler, S. (2011). Effects and Mechanisms of Strength 
Training in Children. International Journal of Sports Medicine, 32(5), 
357–364. https://doi.org/10.1055/s-0031-1271677 
Hills, A. P., Andersen, L. B., & Byrne, N. M. (2011). Physical activity and obesity 
in children. British Journal of Sports Medicine, 45(11), 866–870. https:// 
doi.org/10.1136/bjsports-2011-090199 
International Society of Anthropometry and Kinanthropometry. (2011). 
Manual.
Jeffery, A. N., Voss, L. D., Metcalf, B. S., Alba, S., & Wilkin, T. J. (2005). Parents’ 
awareness of overweight in themselves and their children: Cross sec-
tional study within a cohort (EarlyBird 21). BMJ (Clinical Research Ed), 330 
(7481), 23–24. https://doi.org/10.1136/bmj.38315.451539.F7 
Kraemer, W. J., & Fleck, S. J. (2005). Strength training for young athletes 
(Second edition ed ed.). Human Kinetics.
Kreuser, F., Kromeyer-Hauschild, K., Gollhofer, A., Korsten-Reck, U., & 
Rottger, K. (2013). “Obese equals lazy?” analysis of the association 
between weight status and physical activity in children. J Obes, 
2013:437017. https://doi.org/10.1155/2013/437017 
Lee, S., Kim, Y., & Kuk, J. L. (2019). What Is the Role of Resistance Exercise in 
Improving the Cardiometabolic Health of Adolescents with Obesity? 
J Obes Metab Syndr, 28(2), 76–91. https://doi.org/10.7570/jomes.2019. 
28.2.76 
Liu, M., Wu, L., & Ming, Q. (2015). How does physical activity intervention 
improve self-esteem and self-concept in children and adolescents? 
Evidence from a meta-analysis. PLOS ONE, 10(8), e0134804. https://doi. 
org/10.1371/journal.pone.0134804 
Lloyd, R. S., Faigenbaum, A. D., Stone, M. H., Oliver, J. L., Jeffreys, I., & 
Moody, J. A. (2014). Position statement on youth resistance training: 
The 2014 International Consensus. Br J Sports Med, 48 (7), 498-505. 
https://doi.org/10.1136/bjsports-2013-092952 
Logan, S., Kipling Webster, E., Getchell, N., Pfeiffer, K., . A., & Robinson, L., . E. 
(2015). Relationship between fundamental motor skill competence and 
physical activity during childhood and adolescence: A systematic review. 
Kines Rev, 4(4), 416–426. https://doi.org/10.1123/kr.2013-0012 
Logan, S. W., Ross, S. M., Chee, K., Stodden, D. F., & Robinson, L. E. (2018). 
Fundamental motor skills: A systematic review of terminology. J Sports 
Sci, 36(7), 781–796. https://doi.org/10.1080/02640414.2017.1340660 
Longmuir, P. E., Boyer, C., Lloyd, M., Borghese, M. M., Knight, E., 
Saunders, T. J., Boiarskaia, E., Zhu, W., Tremblay, M.S. (2017). Canadian 
Agility and Movement Skill Assessment (CAMSA): Validity, objectivity, 
and reliability evidence for children 8–12 years of age. Journal of Sport 
and Health Science, 6(2), 231–240. https://doi.org/10.1016/j.jshs.2015.11. 
004 
Lubans, D. R., & Cliff, D. P. (2011). Muscular fitness, body composition and 
physical self-perception in adolescents. J Sci Med Sport, 14(3), 216–221. 
https://doi.org/10.1016/j.jsams.2010.10.003 
Lubans, D. R., Morgan, P. J., Cliff, D. P., Barnett, L. M., & Okely, A. D. (2010). 
Fundamental movement skills in children and adolescents: Review of 
associated health benefits. Sports Med, 40(12), 1019–1035. https://doi. 
org/10.2165/11536850-000000000-00000 
McCann, D. A., Knowles, Z. R., Fairclough, S. J., & Graves, L. E. F. (2016). 
A protocol to encourage accelerometer wear in children and young 
people. Qualitative Research in Sport, Exercise and Health, 8(4), 319–331. 
https://doi.org/10.1080/2159676X.2016.1160949 
McGuigan, M. R., Tatasciore, M., Newton, R. U., & Pettigrew, S. (2009). Eight 
weeks of resistance training can significantly alter body composition in 
children who are overweight or obese. J Strength Cond Res, 23(1), 80–85. 
https://doi.org/10.1519/JSC.0b013e3181876a56 
McLean, J., Dean, L., Cheong, C., Dougall I, K., Hinchcliffe, S., Mirani, K., 
Vosnaki, K., Wilson, V. (2020)Scottish Health Survey 2020, Scottish 
Government. [Available from: https://www.gov.scot/publications/scot 
tish-health-survey-2018-volume-1-main-report/ .
Meinhardt, U., Witassek, F., Petro, R., Fritz, C., & Eiholzer, U. (2013). Strength 
training and physical activity in boys: A randomized trial. Pediatrics, 132 
(6), 1105–1111. https://doi.org/10.1542/peds.2013-1343 
Moeskops, S., Oliver, J. L., Read, P. J., Cronin, J. B., Myer, G. D., Haff, G. G., 
Lloyd, R.S. (2018). Within- and between-session reliability of the iso-
metric midthigh pull in young female athletes. J Strength Cond Res, 32 
(7), 1892–1901. https://doi.org/10.1519/JSC.0000000000002566 
Must, A., & Anderson, S. E. (2006). Body mass index in children and 
adolescents: Considerations for population-based applications. 
International Journal of Obesity, 30(4), 590–594. https://doi.org/10. 
1038/sj.ijo.0803300 
Myers, A. M., Beam, N. W., & Fakhoury, J. D. (2017). Resistance training for 
children and adolescents. Translational Pediatrics, 6(3), 137–143. https:// 
doi.org/10.21037/tp.2017.04.01 
JOURNAL OF SPORTS SCIENCES 9
Ozmun, J. C., Mikesky, A. E., & Surburg, P. R. (1994). Neuromuscular adapta-
tions following prepubescent strength training. Medicine and Science in 
Sports and Exercise, 26(4), 510–514. https://doi.org/10.1249/00005768- 
199404000-00017 
Ramos Dos Santos, C., Silva, C., . C., & Marques, I. (2017). Relationship 
between physical activity, physical fitness, and motor competence in 
school children. Motricidade, 13, (S1),1–76. https://doi.org/10.1590/1807- 
55092015000300497 
Reilly, J. J., Kelly, J., & Wilson, D. C. (2010). Accuracy of simple clinical and 
epidemiological definitions of childhood obesity: Systematic review and 
evidence appraisal. Obes Rev, 11(9), 645–655. https://doi.org/10.1111/j. 
1467-789X.2009.00709.x 
Robertson, W., Stewart-Brown, S., Wilcock, E., Oldfield, M., & Thorogood, M. 
(2011). Utility of accelerometers to measure physical activity in children 
attending an obesity treatment intervention. J Obes, 2011 https://doi. 
org/10.1155/2011/398918 
Schranz, N., Tomkinson, G., & Olds, T. (2013a). What is the effect of resis-
tance training on the strength, body composition and psychosocial 
status of overweight and obese children and adolescents? 
A systematic review and meta-analysis. Sports Med, 43.(9),893-907. 
https://doi.org/10.1007/s40279-013-0062-9 
Schranz, N., Tomkinson, G., & Olds, T. (2013b). What is the effect of resistance training on 
the strength, body composition and psychosocial status of overweight and obese 
children and adolescents? A Systematic review and meta-analysis. Sports Med, 43(9), 
893–907. https://doi.org/10.1007/s40279-013-0062-9 
Shaibi, G. Q., Cruz, M. L., Ball, G. D. C., Weigensberg, M. J., Salem, G. J., Crespo, N. C., 
Goran, M.I. (2006). Effects of resistance training on insulin sensitivity in over-
weight Latino adolescent males. Medicine & Science in Sports & Exercise, 38(7), 
1208–2015. https://doi.org/10.1249/01.mss.0000227304.88406.0f 
Smith, J. J., Eather, N., Morgan, P. J., Plotnikoff, R. C., Faigenbaum, A. D., & 
Lubans, D. R. (2014). The health benefits of muscular fitness for children 
and adolescents: A systematic review and meta-analysis. Sports Med, 44 
(9), 1209–1223. https://doi.org/10.1007/s40279-014-0196-4 
Sonstroem, R. J., & Morgan, W. P. (1989). Exercise and self-esteem: Rationale 
and model. Med Sci Sports Exerc, 21(3), 329–337. https://doi.org/10.1249/ 
00005768-198906000-00018 
Stodden, D. F., Goodway, J. D., Langendorfer, S. J., Roberton, M. A., Rudisill, M. E., 
Garcia, C., Garcia, L.E. (2008). A developmental perspective on the role of 
motor skill competence in physical activity: An emergent relationship. Quest, 
60(2), 290–306. https://doi.org/10.1080/00336297.2008.10483582 
Strong, W. B., Malina, R. M., Blimkie, C. J. R., Daniels, S. R., Dishman, R. K., 
Gutin, B., Hergenroeder, A.C., Must, A., Nixon, P.A., Pivarnik. J.M., 
Rowland, T., Trost, S., Trudeau, F.(2005). Evidence Based Physical 
Activity for School-age Youth. The Journal of Pediatrics, 146(6), 
732–737. https://doi.org/10.1016/j.jpeds.2005.01.055 
Thivel, D., Isacco, L., O’Malley, G., & Duché, P. (2016). Pediatric Obesity and Perceived 
Exertion: Difference Between Weight-Bearing and Non-Weight-Bearing Exercises 
Performed at Different Intensities. Journal of Sports Sciences, 34(5), 389–394. https:// 
doi.org/10.1080/02640414.2015.1061200 
Velez, A., Golem, D. L., & Arent, S. M. (2010). The impact of a 12-week resistance 
training program on strength, body composition, and self-concept of 
Hispanic adolescents. J Strength Cond Res, 24(4), 1065–1073. https://doi. 
org/10.519/JSC.0b013e3181cc230a 
Ward, D., Evenson, K., Vaughn, A., Rodgers, A., & Troiano, R. (2005). 
Accelerometer use in physical activity: Best practices and research 
recommendations. Med Sci Sports Exerc 37(11), S582-8. https://doi.org/ 
10.1249/01.mss.0000185292.71933.91 
Welk, G., & Eklund, R. (2005). Validation of the children and youth physical self- 
perception profile for young children. Psychology of Sport & Exercise.6(1), 51–65. 
https??doi.org/10.1016/j.psychsport.2003.10.006
Weltman, A., Janney, C., Rians, C. B., Strand, K., Berg, B., Tippitt, S., Wise, J., 
Cahill, B.R., Katch, F.I.(1986). The effects of hydraulic resistance strength 
training in pre-pubertal males. Medicine and Science in Sports and 
Exercise, 18(6), 629–638. https://doi.org/10.1249/00005768-198612000- 
00005 
Whitehead, J. R. (1995). A study of children’s physical self-perceptions using 
an adapted physical self-perception profile questionnaire. Pediatr Exerc 
Sci, 7(2), 132–151. https://doi.org/10.1123/pes.7.2.132 
World Health Organization. Global recommendations on physical activity for 
health 2011 [Available from: https://www.who.int/dietphysicalactivity/ 
leaflet-physical-activity-recommendations.pdf?ua=1 .
World Health Organization. Obesity and overweight. https://www.who. 
int/en/news-room/fact-sheets/detail/obesity-and-overweight. 2020.
World Health Organization Regional Office for Europe. (2016). Health 
Behaviour in School-aged Children survey. https://apps.who.int.iris.bit 
stream/handle/10665/332091/9789289055000-eng.pdf 
Yang, C. C., & Hsu, Y. L. (2010). A review of accelerometry-based 
wearable motion detectors for physical activity monitoring. 
Sensors (Basel, Switzerland), 10(8), 7772–7788. https://doi.org/10. 
3390/s100807772
10 H. M. COLLINS ET AL.
